A. Biological Samples
Preparation of tagged zebrafish embryos. RLC-(PA)GFP was amplified by PCR from PET-3d-RLC-(PA)GFP (1-3) with the primers: 5' GAA CTC GAG ATG GCA CCT AAG AAA GCA AAG' 3' and 5' CCG AGATCT CTA TTT GTA TAG TTC ATC CAT G 3'. The PCR product was cloned into the pTol2-zmlc-EGFP plasmid containing a zebrafish myosin light chain (zmlc) promoter after removing EGFP by XhoI and BglII digestion.
To drive RLC-(PA)GFP expression in skeletal muscle we replaced the zmlc promoter with the unc45b promoter, a small and muscle-specific zebrafish promoter (4) . A genomic fragment of the unc45b encompassing position -600 to +3 relative to the translation start site (+1) was amplified from zebrafish genomic DNA by PCR with the primer 5' GTTCCCGGGCCATTATCGTCTCCCTCCAGC 3' and 5' GAACTCGAGCATTGAAGTCAATTCAGCTTC 3' and inserted into the pTol2-zmlc-RLC-(PA)GFP vector after removal of the zmlc promoter by XmaI and XhoI digestion. Transposase mRNA was obtained by using mMESSAGE mMACHINE High yield Capped RNA Transcription Kit (Ambion) from a template plasmid-pT3Ts-Tol2.
We coinjected transposase mRNA and plasmid containing RLC-GFP or RLC-PAGFP into the cytoplasm of one-cell-stage embryos (5, 6) . DNA solution (3-5 μL), including 150-250 ng/µL of the plasmid, 200 ng/µL transposase mRNA, 0.1M KCl, and 0.05% phenol red, was backloaded into a needle using a microloader pipette then air-pressure-injected into the embryo with its chorion intact. Usually ~300-500 embryos were injected. At 2-3 dpf, we screened embryos for green fluorescence excited by 488 or 405 nm (GFP or PAGFP) transmitted light using a low power objective (10X). Selected embryos had their chorion removed before further experimentation.
Embryos were generated by natural pair-wise mating in zebrafish mating boxes. Embryos were maintained in petri dishes in zebrafish water (60X: 300mM NaCl, 10mM KCl, 20mM CaCl 2 and 20mm MgSO 4 ) at 28 o C. At 21-25 somites stage, the embryos were treated with 0.5mM 1-phenyl 2-thiourea (PTU) (Sigma) to inhibit melanogenesis. Zebrafish were staged in accordance with standard staging series (7). The embryos were normally anesthetized during observation in the microscope with 168 mg/l tricaine methanesulfonate (MS-222, Western chemical Inc). Zebrafish were handled in accordance with IACUC guidelines in an approved protocol (A47113).
Preparation of tagged porcine papillary muscle fibers. Exchanged RLC-PAGFP replaces 40-60% of the native RLC in permeabilized porcine papillary muscle fibers and supports a native contractility level as described previously (3, 8) . Single molecule data was measured from the papillary fibers in relaxation. Relaxing buffer consisted of 29.3 mM KPropionate (KPr), 6.6 mM MgCl 2 , 0.17 mM CaCl 2 , 7 mM EGTA, 6 mM ATP, 20 mM phosphocreatine (PCr), 20 mM imidazole (pH 7), 15 U/mL Cr kinase, 1 mM DTT, and 1 µg/mL leupeptin. At the 150 mM ionic strength conditions used there is negligible interaction with actin and the cross-bridge is mainly associated with the myosin (thick) filament (9) .
Figure S1
The chromophore and lever-arm helix moieties aligned by the S1/GFP coordination calculation. Color coded coordinates designate crystal axes for GFP in 1emb (10) and S1 in 2mys (11) in blue, emission dipole coordinates with emission dipole on the w-axis and absorption dipole in the uw-plane plane (green), and molecular coordinates fixed to particular atoms (N3 and CZ) in the GFP chromophore or the helix dipole moment in the lever-arm (red). Symbol ζ defines the angle between unphotoactivated absorption ̂ (designated µ � a [B] in the text) and photoactivated emission dipole ̂ (designated µ � e [A] in the text) depicted in both the GFP chromophore and the myosin lever-arm. Euler angles (γ,ρ,ω) relate emission {u,v,w} and leverarm molecular {r m ,s m ,t m } frames. Figure 2 . Errors in TIRF coordinates are computed using eq. 6. Errors in Fiber coordinate are derived from TIRF coordinates using the rotation relating coordinate frames. Orientation super-resolution has mean error of 3 deg for θ and 25 deg for φ from the data in Figure 5 . Dipole inversion symmetry implies a redundant patterns for 180 < φ ≤ 360 or 180 < α' ≤ 360.
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